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EWMARY

Inorderto gad hewknowledgeofthefatigde.str@th ofbuilt-up
structures,flexurd.fatiguetestswereguideonri~etedboxbe-sinsaf
lkS-T6,75S-T6,sadvarioustempersof 24S,iLLclaii,qluminum-&lloysheet.

Ofthefivealloy-tempkrcombinationsqtudiedinrivete’d.b&-besq
sectionstheflexural.fatiguestrengthswerefcmqdtolieina rather
narrowband-“ ‘hooneconibinationwasfoundto”hqe ~“glisr,@reigth,
valuesthanallothersfort% entirerm& offatiguel+fem-red. ,
inthesetests.This’isin,conirast,@ththeresults.ofa pre@ms
investigationwherethefidulioffailure”andimpactstrengthsvary
aboutasthetensilestrengthsofthematerial. ,

Mostofthespectienshadmorethanonefailureat completionof
thetests;themostcommonfailureinvolvedrivetholesinthechannel.
Thefatiguestrengthsoftheboxbesms.yerefoundto exceedthenet-
sectionfatiguestrengthsofrivetedlapjointshavingsinglerive,+sof
thessmediameterandsheetofthestiethi’clmess. . .,

.’ .,.

INTRODUCTION4..,, .,,
.. .’

For’sever&lyesxs”& AJ&inumResetichLabora~oriesofthe;Alu&num
CompanyofAmerica@$ beeninvestiga~ingthefatiguec’kacteristics.of
rivetedandspot-weldedjoihtsandstructuralcomponentsof.p@iculq
intere6tto aircraftmanufacturers.TheresQtsof several.of‘these
‘investigations.havebeenpres&tedinreferences,1 to”5.

. .
. ..

Theinvestigationdescrib&dk thi,s:repo~wasinitiated@”o$ler
to gainnewknowledgeofthefatiguestre~hs ofbui.ltkpstructures. -
It includestheresultsof“fl&xuralfatiguetestson”riveted”boxbeams.
of a.lcladsheetinthreehigh-strengthaluminumalloys.A comparison

.
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2 RACATN2452

“of similarbesmsfabricatedby spot-weldingandrivetingofalclad24S-T3
isgiveninreference5 andan investigationofthestaticandimpact
strengthsofbeam fabricatedofthesamelotsof’sheetusedinthis
studyisdescribedinreference6.

.

Theobjectofthisinvestigationwasto determineandcomparethe
flexuralfatiguestrengthsofbuilt-uprivetedboxbeamsinalclad
aluminum-alloysheetof14S-T6,75S-T6,andvarioustempersof24-S.

‘Ibisworkwasdoneby the
madeavailabletotheNACAfor

AluminumCompalyof
publicationbecause

IdmERmLs

Americaandhasbeen
ofitsgeneralinterest.

‘Alcladflatsheet,nominally0.06kinchthick,ofthefollowl?x?
&oys andtemperswas-usedto fabricatethespeci&ensforthisinv~sti-
gation:14s-T6,75s-T6,2ks-T3,2ks-T36,and2ks-T81.Themechanical.
propertiesofthesheetmaterialsgivenintableI comparefavorably
withthetypicalmechanicalpropertiesforsuchmaterialslistedin
table20ofreference7. Therivetsweresuppliedby theEdgewater,
NewJersey,Worksas24s-T4rivets.Basedontheaverageof’eighttests
of separatelyrivetedtestspectiensofthetypeillustratedinfigure1,
tlMstaticshearstrengthoftherivetswaskk,650psiwhichcqes
favorablywiththeaveragevaluegivenintable2 ofreference8.

SPECIMENS

Allspecimenswerefabricatedby theJobbingDevelopmentSectionj
NewKensingtonWorksoftheAluminumCompanyofAmerica.Thedetailsof
thespecimenareillustratedinfigure2. Itis simplya boxbeammade
oftwufozzaedchannelsandtwoflatsheets,alln~yO.06h inch
thick,rivetedtogetherto formtheboxsection.The24S-T31(titer
drivingj2hS-Tkrivetsarereferredto as24S-T31rivets)rivetswere
all1/8inchindiameter.Theover-alllengthoftheqecimenwas
30inchesandthespanlen.gthwas28 inches.Thereweretwoloadpoints
each4 tnchesfromthecenterofthespectienproducinga constantbending
momentoverthecenter8 inchesofthespecfien.Theloadbracketsand
supportswereattachedbyboltingto spacersfittedwithintheboxsection
sothattheflangeswerefreeof contactswiththeloading devic-e.There
wasclearancebetweentheattachmentboltsandthewebsofthebesms
buta snugfitona shearptiwhichextendedthroughthewebandinto
thespacer.Itwasthoughtthatthisarrangementmaintainedtheshape
ofthecrosssectionemdminimizedconcentrationsof stressatthese
points.

o
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At leastsix
tempersstudied.

specimenswerefabricatedfromeachofthealloysand
Twosetsof sDecimensof alclad24Ssheetweretested

inthe
Sheet;

temper

-T81temper.Oneofthe~esetswasfabricatedfrom&clad2k3-T81
theotherwasfabricatedfrom2kS-T3sheetandagedtothe-T81
sfterfabrication.

PROCEDURE

ThefatiguetestsweremadeinUnitNo.3 oftheAluminumResearch
Laboratories’StructuralFatigueTestingMachinesshowninthebackground
offigure3 anddescribedinreference9. Thetestsetupisillustrated
infigure4. Etidezrtinthisphotographisthegeneroususeof flexure
platesandreduced-sectionloadingpostswhichactas fulcrato reduce
therwtraintattheloading- supportfixtures.

Particularcarewastakenininstallingthebeamsintheloading
fixturesto avoidtheintroductionof initialstresses.FourTypeA-3.2
SR-4straingageswereinstalledonthecoverplatesofeachspecimen,
twogagesoneachcoverplateatthecenterofthespanand3/4inch
fromeachedgeofthe@ate. Strainreadingslweredeterminedforthese
locationsatvariousstagesof theinstallationsndthefixtureswere
shimmedasrequiredto keeptheprestressat a minimum.Itdeveloped
thatthemax- stressasmeasuredatanyonegagelocation,tension
or compression,dueto installationofthespectieninthefixtureswas
lessthsn4 percentofthemaximumstressintheloadingcycle.The
averageprestressmeasuredforallspecimenswasfoundtobe170psior
an averageoflessthan1 percentof theindividualstressranges.

Thedesiredtestconditionswereobtainedby (1)Adjustmentofthe
crankdisplacementto ootainthedesiredvariableloadand(2)adjustment
oftheturnbuckleattheendoftheloadingbeamto obtainthedesired
meanload,zerointhecaseofthesetestssincetheloadingwastobe
completelyreversed.Whenthedesiredtestconditionswereobtained
an”additionalsetof strain-gagereadingswasobtainedto determinethe
magnitudeofthestressrangeat thestrain-gagelocations.Thespeci-
menwasthensubjectedto thedesiredtestconditionsfora fewcycles,
theloadingwascheckedandreadjustedtothedesiredtestconditions,
ifnecessary,andthetestcontinuedwithperiodicchecksto assurethat
thedesiredloadconditionsweremaintainedthroughoutthetest.Further, .
theautomaticcut-offswitch,an integralpartofthemachine,wasset
sothata changeinloadrangeoflessthan600poundswouldstopthe
machine.Thetestswereconsideredcompleteattheendof about25
millioncyclesorwhena failurewasvisible.

‘Readingsmadeon TypeK Baldwin-Southwarkportablestrainindicator.
,
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.

Theresultsofthefatiguetestsofbox-besmspecimenssregiveg.
intableII. 2hetableliststheactualloadrahgeincludingthe
inertiaeffectsmentionedinreference9,thenominalcalculatedextreme
fiberstress,thenumberof cyclestofailure,andthelocationoffail-
ure. Thenominalcalculatedexhemefiberstresswasdeterminedby
applyingtheflexureformula(Mc/1)whereM iscomputedfromtheload
rangea I/c representsthesectionmodulusbasedonthenominaldimen- 1
sionsofthesectioninfigure2. Calculatedmaximumstressesbasedon
theextremesofthemeasuredspectiendimensionsdeviatedfromthe
stresseslistedby lessthan3 percent,a variationwhichisconsidered
satisfactorilysmall.Further,themeasuredstressesatthecenterof
thespan,determinedby thestrain-gagereadings,werefoundto deviate
fromthenominalcslcul.atedstressesby lessthan5 percentwithan
averagedeviationof2.5percentforstressesbelow@0,000psi. Above
thisstressthedeviationwassometimesconsiderablylargerbecauseof
bucklinginthecoverplates.Ingeneral,itcanbe saidthatthenomi-
nalcalculatedstressappearstobe slightlylowerthanthemeasured
stresssl’thoughforseveislspecimensthemeasuredstresswaslowerthan
thecalculatedstress.

TheresultshavebeenplottedasS-Ncurvestifigures5(a)to p(d).
Theresultsforallthespecimenstestedareplottedinfigurep(a)and
deftiea rathernsrrowbandwithinwhichallthe,testresultslie. In
figuresp(b),5(c),and5(d)anefforthasbeenmadetodrawcurves
representingtheaverageflexuralfatiguestrengthsoftheboxbe~s
foreachalloy-tempercombinationtested.Insomecases,particularly
ofalclad14-S-T6andalclad75S-T6boxbeams,thedatapointsdefinea
singlecurveveryclosely,whereasthedatapointsfromthe24s-T81box
beamsshowconsiderablescatterfromanyreasonablysmoothcurve.This
isprobablyduetounintentionaldifferencesinthespecimens.The
scatterencounteredinrotating-beamtestsonthehigh-strengthaluminum i
alloysisdiscussedinreference10 andappearsto bemuchgreaterthan
thatshowninfigurep(a).

Thetestresultsfortheslclad24s-T81spectiensplottedinfig-
urep(d)indicatethatthereisverylittledifference,ifany,inthe
Yatiguestrengthsof suchspecimensfabricatedfromagedsheetoraged

\-

afterfabrication.Infact,theaveragefatiguestrengthsforthetwo
fabricationprocedureshavebeenrepresentedby a singlecurve.~\

TheaverageS-Ncurvesforthevariousalloy-tempercombinations
testedhave.beenreplottedh figure~(e)andsummarizedintableIII.
Itisevidentthatno oneofthesecombinationshasanadvantagein
fatiguestrengthoveralltheothermaterialsfortheentirerangeof
cyclestofailurestudied.Thisisinagreementwithconclusion5 of

I
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reference10. Fromthedatapresentedhereitappearsthattheflexu@.
fatiguestrengthofthealclad2ks-T81ppectiensisgenerallylowerthan
thatofanyoftheotheralloy-tempercombinationstested.However,
referringto figure5(a),onefindsthatthefatiguelivesof some
alcle,d2ks-T81specimens,bothinaged-sheetandpost-agedspectiensj
equalor exceedthefatiguelifeofatleastoneindividual.specimenof
eachoftheotheralloy-tempercombinations.

Thetestresultsgiveninreference6 indicatethatboththemodulus
offailureh thestatictestandtheresistanceto impactvaryaboutas
thetensilestrengthsofthevariousalloysandtemperstested.This
isincontrastwiththeresultsofthesefatiguetestswhereitappears
thatfatiguestrengthandtensilestrengthareunrelated.

Fatigue-testresultsof single&inch-diameterrivetsinaluminum-
I alloylapjointshavebeenpunishedinreference2. Whenthesetest

resultsaretrsmqosedto P/A stressesonthenetsectionofthesheet,
I thecurvesarefoundto lieconsiderab

P
belowtpebandof Me/I stresses

fortheboxbeams.Forexample,at 10 cyclesthefatiguestrengthofthe
) lapjointisabotione-thirdthatoftheboxbeams.).

ThelocationoffailuresineachspecimenhasbeengivenintableII.
Thefail~eshavebeenlocatedwithreferencetotherivetnumbersshown
infigure2. It shouldbe notedthatthemajorityofthespec~ns had
morethanonefailure.Ofthe~ failuresobservedin34 specimens,
69wentthroughoneormorerivetholes,5 failuresweretithe sheet
betweenrivetholes,2 failureswereconfinedtothefilletofthe
formedchannel,1 failurestartedata loadinghole,and2 wererivet
failures.Ofthe34 specimenstestedto failure,20 spectienshad
failuresinthecoverplatesandinthechannels,and14 specimenshad
failuresin.thechannelsonly.

“t &picalfailuresareillustratedinfigures6(a)through6(e). The1,
generallocationofthe.failurescanbe seeninfigure6(a)through6(c).
Figures6(d)and6(e)areclose-upsoftheindividualfracturesinthe
beamsillustratedinfigures6(a)and6(b),respectively.Althoughthe
fixturesweredesignedtoreducetheeffectsof stressconcentrationat
theloadpoints,itcanbeseenthatsomefailuresinvolvedoneormore
oftheseholes.Ofthe64channelfailuresobserved,29 involvedthe
loadingholes;however,manyofthe35remainingchannelfailureshad
notreacheda loadingholeatthecompletionofthetest.

Fivespectiensweresectionedinordertoobservetheorigtiof
thefatiguefractures.Twelveseparatefailureswereobserved;tie
failuresprogressedto includeloadingholes,eightwentthroughrivet
holesinthechannels,threewentbetweenrivetsinthechannels,and
twowerecover-platefailures.Eachoftheninefailureswhichinvolved

.. . . ..—. .— ----— -- .-. —------ . . . .— -- — ~—— ——- ——— ..—-— ——-— . ——---——-
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loadingholesoriginatedata rivetholeor inthefilletofthechsnnel.
4

Thethreefailureswhichwentbetweenrivetssndoneoftheeightfail-
ureswhichwentthrougha rivetholeoriginatedinthefillet.Both
cover-platefailuresandfiveof thesixchannelfailureswhichwent
throughrivetholesstartedattherivethole. Inviewofthelarge
numbero’ffaihlkes,severalinonespectieninmanycases,itisdif- 1
ficultto determinewhichsectionofthespecimenhasthemostcritical I

stresscondition.Theevidenceindicates,however,thatthefilletand
rivetholesinthechannelaremorevulnerablethsnotherportionsof
thespecimen.

Ashasbeenpointedoutthefracturesinthespecimenswerenot
confinedtotheregionofmaxhumcomputedstressandnoneofthespeci-
menshadfailuresconfinedtothecovefplates.Fourteenspecimens
apparentlyhadno cover-platefailures.Ingeneral,thefailures
occurredslightlyoutsidetheregionofmaximumbendingmoment.This
castssomedoubtonthevalueofusingthenominalcomputedmaximum
stressasthevariableintheinterpretationoftheresults;however,
since-allspecimenswereloadedinthesenemsnner,comparisonsbased
entirelyonthesedataareunaffectedby theuseof stressratherthan
load. Comparisonswithdatafromothertypesof specimenswillbe
facilitatedbythischoiceofvariable.,

From theforegoing
onrivetedboxbeamsof

SUMMARYOFRESULTS

dataanddiscussionofflexural.fatiguetests
14S-T6,75S-T6,andvarioustempersof 24S

aluminum-alloyalcladsheet,the”>ollo&ngstatementsseemwarranted:

1. Themechanicalpropertiesofthematerialsusedinthisinvesti-‘
gationcomparefavorablywithtypicalpublishedvalues. t

2. Ofthefivealloy-tempercombinationsstudiedinrivetedbox-
beamsections,no onecombinationhashigherflexwralfatiguestrengbh
thanallothersfortheentirerangeoffatiguelifecoveredinthese
tests.Thisish contrastwiththeresultsofa previousinvestigation
wherethemodulioffailureand@act strengthsvaryaboutasthe
tensilestrengthsofthematerial.

3* Theflexuralfatigueresultsofrivetedboxbeamsofd-l.the
alloysstudiedlieina rathernarrowband. Foreq~, thefati~
strengthsat106cyclesrangebetween6000and9000psiwhileat
107cyclesthey rqe betieenMoo and7@0 pSi.

*
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4. Most
of thetests;
channel.

7
.

ofthespecimenshadmorethanonefailureatcompletion
themostcommonfailureinvolvedrivetholesinthe

,,

5* The fatiguestrengthsoftheboxbeamsexceedthenet-section
‘fatiguestrengthsofrivetedlapjointshavingsinglerivetsofthe
samediameterandsheetofthessmethickness.

AluminumResearchLaboratories
AluminumCompanyofAmerica

NewKensington,Pa.,November24,lnO
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‘TABLEI

MECHANICALPRO~TIES1OFMATERIALS

FABRICATIONOFBOXBEAMS

?

9

USEDm

!~ material,0.064-in.sheetI
L

Alloyandtemper

Alclad14S-T6
AJ_clad2kS-T3
Mclti 2k-T36
wchd 2k5’-T81
Alclad75S-T6

Tensile
strength
(psi)

70,700‘
69,700
‘n,900
68,700
80,500

Yield
strength
(~:;)

64,5oo
54,900
61,950
61,100
72,000

Elongation
in2 in.
(percent)

10.1”
19.8
15.1\
7.0
12.7

.
%%andardtensiontestspecimensforsheetmetalswereused.

(Seefig.2 ofreferenceIl..)
2Stressatoffsetof0.2percent.Templinautographic

extensometer(500X).

.
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EESJLTS03FUXUR.UF~= OEBIv52DmtBw2m Au2mD142-T6,

AIJmoEs—T6,AlmvARIm2TmmaWKCIJD242
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Akld242-T3‘
75979-9I +w I 9,59Iq,,Ial I *z?.m I 37.EUI I 1 I I

-1 I -MMI 4,XI 8,
-2 +& ,
-h ?Zu

4

Aldd 242+5

Alcld242-m(awdO&at)

75933-5 42,9X 12,tklJ *#w
-7 ~g 2m ~# :

201tm
-8,ZJJ 8,4-m ti,m

-3
T&Xl

-@m 6J.&3 12,3&3 m,m
-6 +&&

k% i% %%
a,m 1 2

-2
-4

6,7
-l;ZO J$3S

7
1,49 3,alJ *3,4-N no fdlme,

r@smmd

Aldad242-!t61(a@ afterfakaicatim)

4.2
-8
-n
-lo
-14

‘40,640lo,fm 21,2a i24,6Xl le,p 1
-8,X 8,% 17,KrJ Hg,651 V,WJ ;2
-6,aiJ 6,053 12,1m fi4,LwJ 14g,lm
-3,* 3,93 7,9 -w kiq,2cil1’
-2,* %=J. 4,.511 +5,39 l,7k3,15YJ12
-l,W 1,62J 3,EQ *4,3XI -I,465,WJ3

P
2
3
2
2
3

.

.
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SUMMARYOFFLEXUML

BEAMSOFALCLAD

..

TABLEIII

FltCIGUE

14S-T6,

TESTRESULTS”ONRIVETED

wa~ 75s-T6,m

VARIOUSTEMPERSOFAICLAD24S

r 1Nominalstressratio:a ~~~~ = -1
L

.

Alloyandtemper

AlcladlkS-T6
mchd 2ks-T3
nchd 2ks-T36
nchd 2k-T81
Alclad75S-T6

Flexuralfatiguestrength(psi)at -

3x 104 10 ~06 107
cycles cycles cycles cycles

&l,200 fi5,50.0 +67800 *4,700
=2,300 KL7,40’0 *8,800 *6,000
&25,000i18,500 *8,000’*5,750
=0,000 t14,800 *6,800 *4,600
&l,ylo +J6,400. k8,000 *7,000

.

0
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Figure 3.- Fattgue machines for testing structural units.
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(a) Specfmn 75979-7. For close-u~s of Intitidual
faI.Iuressee figure 6(d).

Figure 6.-Typical fatigue faihres.
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(b) @CiIll131 ~~0-6. For close-~s of individual
fractures see figure 6(e). .

Figure 6.- Continued.
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(c) E@cinwn ~98L4.

Figure 6.- Continued.
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Close-qm of fractures in specimen 75979-7.
For general location see figure 6(a).
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Figure6.-Continued.
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(e) Chae-ups of tractures in specimn v980-6.
For general location see figwe 6(b).

Figure 6.-C!onChd13d. ‘
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